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Binding of the chemokine SLC/CCL21 to its receptor CCR7
increases adhesive properties of human mesangial cells.
Background. Adherence of human mesangial cells to the
surrounding matrix contributes to glomerular homeostasis and
is important for the maintenance of glomerular architecture
and function in normal adult human kidney. The expression of
chemokines and corresponding chemokine receptors on adja-
cent intrinsic renal cells indicates a novel chemokine/chemokine
receptor function on nonimmune cells important for glomeru-
lar homeostasis. A constitutive expression of the chemokine
SLC/CCL21 on human podocytes and of its corresponding re-
ceptor CCR7 on mesangial cells was shown before. SLC/CCL21
has a positive effect on proliferation and migration of mesangial
cells and leads to increased cell survival in Fas-induced apopto-
sis. In leukocytes chemokines mediate integrin-dependent firm
adhesion. Therefore, we examined the influence of chemokine
receptor CCR7 activation by SLC/CCL21 on adhesive proper-
ties of human mesangial cells to matrix molecules.
Methods. Adhesion assays, mechanical detachment assays,
and evaluation of integrin activation by integrin-linked kinase
activity were performed. Changes in the cytoskeletal F-actin
were illustrated by phalloidin immunofluorescence staining.
Results. SLC/CCL21 stimulation enhanced adhesiveness to
fibronectin in a time- and concentration-dependent manner.
SLC/CCL21 also increased the firmness of mesangial cells
adhesion as judged by detachment assays. Furthermore activa-
tion of integrin-linked kinase occurred with SLC/CCL21 addi-
tion to mesangial cells, resulting in increased phosphorylation
of glycogen synthase kinase-3 (GSK-3) and protein kinase B
(PKB/Akt). Exposure of mesangial cells to SLC/CCL21 also
resulted in F-actin rearrangements with membrane ruffling and
extensions leading to bridging between mesangial cells.
Conclusion. Activation of CCR7 on mesangial cells by
SLC/CCL21 enhances the degree and firmness of cell adhe-
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sion and increases cell spreading and the formation of cell-cell
contacts. This includes integrin-linked kinase activation and F-
actin rearrangements. Thus, local chemokine generation and
chemokine receptor expression on mesangial cells may play an
important role in the maintenance of glomerular homeostasis
and in local remodeling processes.
Controlled adherence of mesangial cells to surround-
ing matrix proteins has a key role in maintaining both
glomerular architecture and function in normal adult
human kidney. Previously we described a constitutive
expression of the chemokine SLC/CCL21 and its corre-
sponding chemokine receptor CCR7 on adjacent intrin-
sic renal cells (i.e., SLC/CCL21 on podocytes and CCR7
on mesangial cells) [1]. We also showed that SLC/CCL21
causes mesangial cell proliferation and migration and in-
hibits Fas-mediated apoptosis of mesangial cells. We now
examined whether these effects of SLC/CCL21 might be
related to altered cell matrix interactions. Anoikis is de-
fined as a process of programmed cell death induced by
the loss of cell/matrix interactions. The role of matrix
integrity as a survival factor for adherent cells was first
described in endothelial and epithelial cells [2, 3]. Resis-
tance to anoikis has been demonstrated to be involved
in the loss of cell homeostasis, cancer growth, and metas-
tasis [4, 5]. The matrix to which cells adhere is a solid
network of proteins, secreted by the cells themselves and
insolubilized in the extracellular space by cross-linking.
Adhesive proteins such as fibronectin, laminin, and vit-
ronectin are associated with the solid matrix phase and
play the role of an intermediary between cells and in-
soluble matrix [6]. The integrin family of cell adhesion
molecules mediates cellular contacts to the extracellular
matrix or cell counter receptors, thereby regulating cell
motility, cell polarity, cell growth, and survival [7]. Lig-
and binding to integrins leads to integrin clustering and
recruitment of actin filaments and signaling proteins to
the cytoplasmatic domain of integrins [8]. In healing skin
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wounds, integrin-mediated cues promote the reorganiza-
tion of the cytoskeleton of keratinocytes at the wound
edge resulting in direct migration and wound closure [9].
Integrin-linked actin binding proteins attach to signaling
molecules and function as platforms, which bring kinases
and substrates together [10]. Integrin-linked kinase is a
Ser/Thr kinase that binds to the cytoplasmatic tails of
b 1, b 2, and b 3 integrin subunits and is crucial for the
activation of various integrin signaling pathways.
Integrin-linked kinase induces phosphorylation of the
protein kinases protein kinase B (PKB/Akt) and glyco-
gen synthase kinase-3 (GSK-3), which are involved
in cell proliferation and cell survival [10]. Activation
of PKB/Akt by matrix attachment protects cells from
anoikis [11]. Integrin-linked kinase is highly expressed
in leukocytes and is involved in binding of inflammatory
cells to matrix. Chemokines modulate integrin avidity to
coordinate adhesion and subsequent transendothelial mi-
gration of leukocytes [12]. Specific chemokines induce
rapid activation of leukocyte integrins and lead to firm
arrest and transendothelial migration into the surround-
ing tissue [13].
As chemokines cause firm adhesion of rolling leuko-
cytes via integrin activation, we examined the influence
of chemokine receptor activation on adhesive properties
of human mesangial cells to fibronectin as a major matrix
molecule and integrin-related signaling.
METHODS
Cell culture, adhesion, and detachment assays
Immortalized mesangial cells were grown as described
previously [14] in Dulbecco’s modified Eagle’s medium
(DMEM) (Gibco, Eggenstein, Germany) supplemented
with 10% fetal calf serum (FCS) and 1% penicillin-
streptomycin (Biochrom AG, Berlin, Germany), 100
U/mL and 100 lg/mL, in an atmosphere of 95% air/5%
CO2 at 37◦C.
Adhesion assays were performed in 96-well microtiter
plates (Corning Costar, Cambridge, MA, USA) coated
with fibronectin (50 lg/mL), laminin (50 lg/mL), or col-
lagen IV (50 lg/mL) or left uncoated. The plates were in-
cubated at 4◦C overnight, coating solution was removed,
and plates were washed prior to addition of the cells
for adhesion evaluation. Cultured mesangial cells were
washed with phosphate-buffered saline (PBS) and de-
tached with PBS/10 mmol/L ethylenediaminetetraacetic
acid (EDTA) (pH 8). The isolated mesangial cells were
washed with PBS and incubated in culture medium for
2 hours at 37◦C. Subsequently, mesangial cells were cen-
trifugated at 800 rpm for 3 minutes. The resulting pellet
was resuspended in serum-free medium (DMEM) con-
taining horseradish peroxidase in order to label them,
incubated for 5 minutes at 37◦C, washed with PBS, and re-
suspended again in serum-free medium. Mesangial cells
were added into the wells in increasing cell number
(5, 10, 20, and 40 × 103 cells/well) and left for differ-
ent time intervals (15, 30, 60, and 120 minutes) to eval-
uate optimal conditions for cell density and time for
the adhesion of mesangial cells. Subsequently, nonad-
herent cells were removed by washing with PBS three
times at room temperature. The number of remaining
adherent mesangial cells was quantitated by determining
horseradish peroxidase–labeled cells spectrophotometri-
cally at 450 nm using an enzyme-linked immunosorbent
assay (ELISA) reader (Dynatech MR7000; Dynatech,
San Francisco, CA, USA). For each experimental con-
dition 8 wells were analyzed in parallel.
For mechanical detachment assays mesangial cells
were prepared as described above. Mesangial cells
(2 × 105) were allowed to attach to fibronectin-coated
(50 lg/mL) 6-well cell culture plates for 30 minutes in
medium with FCS. Separate sets of experiments were per-
formed with cells attaching to fibronectin using medium
without FCS. Nonadherent cells were washed off by rins-
ing the flasks with PBS and were counted. This washing
resulted in removal of 55.2 ± 7.5 × 103 cells (mean ±
SEM) per well. The remaining cells (i.e., approximately
1.5 × 105 cells) were stimulated for 30 minutes with or
without SLC/CCL21 (250 ng/mL). Thereafter detach-
ment of mesangial cells was induced by shaking the
plates for 30 seconds at 200 movements per minute at
room temperature using a Thermomixer 5436 (Eppen-
dorf, Wesselin-Berzdart, Germany). The cells released
into the culture medium were counted with a cell counter
(Beckman Coulter Z2, Krefeld, Germany).
Western blots for integrin-linked assay activity
Mesangial cells were allowed to attach to fibronectin-
coated (50 lg/mL) plates for 4 hours, were washed
with PBS, and subsequently stimulated with SLC/CCL21
(250 ng/mL) for different time intervals (basal, 3 min-
utes, 30 minutes, and 180 minutes). Whole mesangial cell
extracts were harvested in RIPA lysis buffer, contain-
ing protease and phosphatase inhibitors (CompleteTM
Protease Inhibitor Mix) (Roche Diagnostics, Mannheim,
Germany). Protein concentration of the lysate was de-
termined by Bio-Rad DC Colorimetric Assay (Bio-Rad
Laboratories, Hercules, CA, USA). For electrophoresis,
equal amount of proteins were boiled in loading buffer
for 10 minutes, and separated on 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
under reducing conditions. Proteins were transferred
to Immobilon-P membrane (Millipore, Schwalbach,
Germany) by semidry blotting. The filter was blocked
in PBS containing 5% skim milk overnight at 4◦C. The
membrane was incubated with primary antibodies against
phosphorylated glycogen synthase kinase-3 (GSK-3) and
phosphorylated Akt as substrates for integrin-linked ki-
nase (rabbit anti-GSK-3 and rabbit anti-Akt) (Cell Sig-
naling Technology, Beverly, MA, USA) for 1 hour at
2258 Banas and Wo¨rnle: Adhesion of mesangial cells
room temperature, rinsed with Tris-buffered saline (TBS)
containing 0.1% Tween 20 and subsequently incubated
1 hour at room temperature with horseradish peroxidase–
conjugated secondary antibodies (goat antirabbit)
(Jackson ImmunoResearch Laboratories, West Grove,
PA, USA). Immune complexes were visualized using en-
hanced chemoluminescence (ECL) (Amersham Inter-
national, Piscataway, NJ, USA). Quantification of the
signals was done by densitometric analysis of the films
on a Personal DensitometerTM SI (Molecular Dynamics,
Eugene, OR, USA) using ImageQuant software (version
5.2) (Molecular Dynamics).
Immunofluorescence staining
Isolated, suspended mesangial cells were plated on
glass coverslips for 12 hours, stimulated with or with-
out SLC/CCL21 (250 ng/mL) for 30 minutes up to 12
hours, fixed in 2% paraformaldehyde for 5 minutes at
room temperature and then permeabilized by applica-
tion of 0.3% Triton for 10 minutes. Thereafter, cells were
washed with PBS. Unspecific binding sites were then
blocked with blocking solution containing 2% FCS, 2%
bovine serum albumin (BSA), and 0.2% fish gelatine in
PBS for 30 minutes at room temperature. For F-actin
staining, cells were incubated with TRITC-labeled phal-
loidin (Sigma, Taufkirchen, Germany) in a 1:2000 dilution
for 60 minutes in the dark at room temperature. After
washing with PBS and H2O, coverslips were mounted in
Mowiol (Calbiochem, Bad Soden, Germany), allowed to
dry overnight at 4◦C, and analyzed using a Leica pho-
tomicroscope (60×). To allow a quantitative analysis, fil-
amentous protrusions (greater than 0.5 lm at the basis,
which could be clearly distinguished from the cell body)
were counted both in control and in stimulated cells, re-
spectively. At least 30 cells were analyzed for each exper-
imental condition.
Statistical analysis
Values are provided as mean ± SEM. Statistical anal-
ysis was performed by unpaired t test. Significant differ-
ences are indicated for P values < 0.01.
RESULTS
Adhesion of mesangial cells
In preliminary experiments the adhesion of mesan-
gial cells to various matrix components or the uncoated
plastic dishes was examined. Adhesion to fibronectin-
coated (50 lg/mL) culture plates yielded the highest de-
gree and reproducibility of mesangial cell adhesion as
compared to plastic only, laminin (50 lg/mL), or colla-
gen IV (50 lg/mL) (results not shown). All subsequent
assays were therefore performed on fibronectin-coated
(50 lg/mL) culture dishes. The effects of different cell
concentrations and incubation times on mesangial cell
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Fig. 1. (A) Time course of mesangial cell adhesion at different cell
concentrations. Adhesion assays were performed in microtiter plates
coated with fibronectin. Cultured human mesangial cells were plated
in the densities indicated and adhesion determined after different time
points as detailed in the Methods section. (B) Dose dependent influence
of SLC/CCL21 on mesangial cell adhesion was examined at 30 minutes.
For each experimental series and condition 8 wells were analyzed in
parallel. The results shown are representative for three independent
experimental series. Values are mean ± SEM.
adhesion are shown in Figure 1A. For all subsequent ex-
periments 30 minutes’ adhesion time and 20 × 103 cells
per well were used.
Effect of SLC/CCL21 on mesangial cell adhesion
to fibronectin matrix
To evaluate if SLC/CCL21 has an effect on mesan-
gial cell adhesion we analyzed time- and dose-dependent
effects on mesangial cell adhesiveness. SLC/CCL21
enhanced mesangial cell adhesiveness on fibronectin-
coated plates, with an optimum at an adhesion time of
30 minutes. SLC/CCL21 increased mesangial cells adhe-
sion to fibronectin matrix in a concentration-dependent
manner from 10 to 500 ng/mL (Fig. 1B). The specificity
of the SLC/CCL21 effect is supported by absence of an
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Fig. 2. Effect of SLC/CCL21 on detachment of mesangial cells. Mesan-
gial cells (2 × 105) were allowed to attach to fibronectin coated 6-well
cell culture plates for 30 minutes in medium containing 10% fetal calf
serum (FCS). Afterwards nonadherent cells (approximately 25%, see
also the Methods section) were washed off and the remaining cells were
stimulated with or without SLC/CCL21 (250 ng/mL). Firmness of ad-
hesion was studied by shaking the plates in a standardized manner (200
movements per minute for 30 seconds) and counting the number of
detached cells released into the medium. For all conditions quadrupli-
cate experiments were performed. Results shown are representative
for a series of three independent experiments. Statistically significant
differences are depicted with ∗∗P < 0.01.
effect of eotaxin on mesangial cell adhesion (results not
shown).
Influence of SLC/CCL21 on detachment of mesangial
cells from matrix
As SLC/CCL21 increases the adhesion of mesangial
cells to fibronectin matrix we next determined whether
SLC/CCL21 also influences the firmness of adhesion. In
a cell detachment assay about 33% of the cells were
detachable. SLC/CCL21 (250 ng/mL) significantly (P <
0.01) reduced the number of mesangial cells detached
by mechanical agitation (control 50.9 ± 3.6 × 103 cells;
SLC/CCL21 31.9 ± 3.5 × 103 cells) (N = 3) (Fig. 2). Com-
parable results were obtained when the incubations were
carried out in the presence or in the absence of FCS. These
data indicate that both the number of cells attaching and
the firmness of their adhesion to the fibronectin-coated
plates are significantly enhanced by SLC/CCL21.
Activation of integrin-linked kinase by SLC/CCL21
Chemokines activate integrins and integrin-linked ki-
nase in leukocytes. A constitutive expression of integrin-
linked kinase by mesangial cells is published [15, 16].
Integrin-linked kinase expression was also confirmed for
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Fig. 3. (A) Integrin-linked kinase activity in SLC/CCL21 stimulated
human mesangial cells. Western Blot analyses were performed on
cell lysates prepared from mesangial cells stimulated with 250 ng/mL
SLC/CCL21 for the times indicated. Basal = 0 minutes. Integrin-linked
kinase activity was evaluated by the phosphorylation status of the
integrin-linked kinase substrates glycogen synthase kinase-3 (GSK-3)
and protein kinase B (PKB)/Akt using antibodies specifically detect-
ing phosphorylated GSK-3 (P-GSK-3) and phosphorylated PKB/Akt
(P-PKB/Akt). Equal loading of the filter was controlled using an anti-
body for total PKB/Akt. (B) Densitometric quantification of Western
blots. Signal intensities of phosphorylated proteins were corrected to
the respective PKB/Akt signals and are shown relative to basal values.
the cells used in these experiments on mRNA level.
SLC/CCL21 had no significant effect on integrin-linked
kinase transcription (data not shown). We therefore de-
termined the effect of SLC/CCL21 on integrin-linked
kinase activity of mesangial cells. For this purpose the
degree of phosphorylation of the integrin-linked kinase
substrates GSK-3 and PKB/Akt was analyzed by Western
blot. Stimulation with SLC/CCL21 (250 ng/mL) caused
phosphorylation of PKB/Akt already after 3 minutes and
that of GSK-3 after 30 minutes. With SLC/CCL21 stimu-
lation the levels for phosphorylated PKB/Akt increased
up to five times and those for GSK-3 were up to three
times higher than those of the controls as determined by
densitometry (Fig. 3). The total amount of PKB/Akt was
unchanged by SLC/CCL21.
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Fig. 4. Immunofluorescence staining of mesangial cells. Exposure of mesangial cells to SLC/CCL21 for 30 minutes leads to membrane ruffling
with condensation of actin and formation of hairy filamentous membrane protrusions (A and B). After 1 (C) to 6 hours (D and E) of incubation
with SLC/CCL21, the filamentous cell extensions resembling filopodia contact neighboring cells and form F-actin bundle positive bridges between
neighboring cells, apparently reducing the distance between the cell bodies. No such changes were observed in nonstimulated cells, even after 12
hours (F).
Effect of SLC/CCL21 on F-actin in mesangial cells
The organization of F-actin containing stress fibers is
known to be altered by cytokines in mesangial cells [17].
The assembly and disassembly of microfilaments leads to
functional responses during cell growth, migration and
adhesion. Freshly isolated and suspended mesangial cells
appear initially with a peripheral phalloidin positive F-
actin ring. Exposure to SLC/CCL21 for up to 30 minutes
leads to membrane ruffling with condensation of actin
and formation of hair-like filamentous membrane pro-
trusions (Fig. 4A and B). After 1 to 6 hours of incubation
with SLC/CCL21, the filamentous cell extensions resem-
bling filopodia were found to contact neighboring cells
and to form actin bundles bridging and apparently re-
ducing the distance between the cell bodies (Fig. 4C, D,
and E). A significant increase in the number of filamen-
tous cell protrusions per cell from 2.8 ± 1.3 (mean value
± SEM) after 30 minutes to 6.2 ± 1.5 after 1 hour and to
27.6 ± 3.9 after 6 hours of stimulation with SLC/CCL21
was observed. These changes were not observed with-
out addition of SLC/CCL21, even when cells were left
to adhere up to 12 hours (1.6 ± 0.4 cell protrusions per
cell).
DISCUSSION
The constitutive expression of the chemokine
SLC/CCL21 and its corresponding receptor CCR7 on
adjacent intrinsic renal cells in normal adult human kid-
ney suggests a novel role of this chemokine/chemokine
receptor pair in the maintenance of glomerular home-
ostasis. Therefore a potential effect of CCR7 activation
on attachment of mesangial cell to matrix was studied.
SLC/CCL21 stimulation had a time- and dose-dependent
effect on mesangial cell adhesiveness to matrix molecules
especially fibronectin and to a lesser extent laminin and
collagen. Also mechanical detachment of mesangial cells
from matrix by mechanical agitation of cells was reduced
after CCR7 activation. Furthermore CCR7 ligation
increased phosphorylation of the integrin-linked kinase
substrates GSK-3 and PKB/Akt indicating activation of
integrin-linked kinase by SLC/CCL21. Finally, exposure
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of mesangial cells to SLC/CCL21 leads to changes in F-
actin cytoskeletal arrangements with membrane ruffling
and formation of cell-cell bridging. Taken together these
findings support the hypothesis that chemokines and
chemokine receptors on adjacent cells in cellular organ
structure may contribute to the local cell homeostasis.
Chemokines coordinate adhesion and subsequent
transendothelial migration of leukocytes by modulat-
ing leukocyte integrin avidity and activation [12, 18].
Chemokines have been shown to regulate activation of
integrins and promote binding of inflammatory cells to
matrix [18]. In leukocytes the activation of integrins in-
volves integrin-linked kinase. Integrin-linked kinase, a 59
kD serine-threonine protein kinase, is expressed by nu-
merous cell types, including mesangial cells [15, 16], and
interacts principally with b integrins [19]. In vitro,
integrin-linked kinase can phosphorylate synthetic pep-
tides corresponding to b 1-integrin cytoplasmic domains
[20]. Other potential substrates include the kinases
PKB/Akt and GSK-3 [21]. Integrin-linked kinase is ac-
tivated by exposure of leukocytes to chemokines and is
involved in the regulation of leukocyte integrin avidity for
endothelial substrates [12]. The major substrate for the in-
tegrin interaction appears to be fibronectin. Our present
results are in agreement with the observations as mesan-
gial cells preferentially attached to fibronectin, a process
enhanced in a dose-dependent manner by the chemokine
SLC/CCL21. Furthermore, the firmness of adhesion was
strengthened by SLC/CCL21 in a process that involved
integrin-linked kinase activation.
These findings are of interest as adhesion of cells to
matrix, cell-cell adhesion and regulation of proliferation,
migration and apoptosis are key events during nephroge-
nesis and during tissue remodeling occurring in disease.
Adhesion molecules expressed during kidney morpho-
genesis mediate attachment of cells to extracellular ma-
trix and cell-cell attachment [22, 23], processes that may
be influenced by chemokines. Furthermore, chemokines
can act as both angiogenic and angiostatic factors
[24, 25]. During embryogenesis the expression of spe-
cific chemokines may help control microvascularization
within the tissue [26]. In the developing human kid-
ney a spatial and temporally restricted expression of
chemokines and chemokine receptors can be observed,
which suggests, that chemokines and their receptors are
involved in fine regulation of nephrogenesis [27].
Mesangial cells are surrounded by mesangial ma-
trix, composed largely of type IV collagen, laminin, fi-
bronectin, and heparan sulfate proteoglycan and attach
to glomerular basement membrane in normal conditions
[28, 29]. Mesangial extracellular matrix not only acts as
a structural support system of the glomerular capillary
tuft, but the cell-matrix adhesion also provides the pivotal
signals for cell growth and differentiation in many types
of cells [30–34]. Furthermore, cell attachment to matrix
molecules is required for suppression of apoptosis [2, 3,
35–39]. Adhesion-dependent control of apoptosis may
be important within the tissue microenvironment [40].
Mesangial cell survival may be regulated by extracellular
matrix via b 1-integrin molecules. For example, inhibition
of matrix-derived signals by antisense oligonucleotides
for b 1-integrin increased apoptosis in mesangial cells af-
ter serum deprivation [41]. In this context our previous
observation of an antiapoptotic effect of SLC/CCL21 on
mesangial cells [1] is of interest and may be related to the
adhesiveness, that we now observed.
Not only in organogenesis, but also in normal adult hu-
man kidney controlled adherence of mesangial cells to
surrounding matrix proteins has a key role in maintain-
ing both glomerular architecture and function. Adhesion
of cells to extracellular matrix via integrins not only con-
tributes to their survival but is also necessary to enable
their migration. Migration of mesangial cells is a typical
feature of remodeling processes during glomerular in-
jury [42, 43]. For example, attachment of mesangial cells
is reduced in mice deficient for the a8-integrin chain com-
pared to wild-type cells and mesangial cell migration and
proliferation are increased [44]. Proliferation of mesan-
gial cells is a hallmark of many glomerular diseases and
has been implicated in the progression of glomeruloscle-
rosis leading to the loss of glomerular function [45]. Thus
chemokine modulated adhesion may be of significance
for both normal mesangial cell homeostasis as well as
glomerular remodeling during disease processes.
The rearrangements of the F-actin cytoskeleton by
SLC/CCL21 that we have observed in mesangial cells
is reminiscent of that in chemokine-stimulated leuko-
cytes. This rearrangement has been related to the migra-
tion of the cells along a chemotactic gradient [46]. It is
unlikely that mesangial cell migration is of importance
in normal kidneys. However, mesangial cell migration
is important during nephrogenesis and during diseases
involving either loss of mesangial cells with repopu-
lation of the mesangium or during mesangioprolifera-
tive glomerulopathies. The observation that SLC/CCL21
causes filopodial extension formation in mesangial cells
leading to cell-cell bridging and thus contact between ad-
jacent mesangial cells may be of special interest in this
context as in the glomerulus mesangial cells are con-
nected and communicate with each other [28, 29].
The fact that CCR7 knockout mice have no obvious
renal phenotype under basal conditions does not inval-
idate this hypothesis, as the significance of the deleted
gene may only be apparent during experimental stress,
a proposal that will have to be evaluated. Indeed, it has
been shown that genes important in renal development
and physiology do not always show renal phenotypes in
knockout animals [47].
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CONCLUSION
Based on the data showing glomerular podocyte
SLC/CCL21 expression, the concomitant presence of the
corresponding receptor CCR7 on mesangial cells, and the
effects of SLC/CCL21 on mesangial cell migration, prolif-
eration, prevention of apoptosis, adhesion, activation of
the integrin system and cell-cell contact formation, we
propose a novel homeostatic function for chemokines
and chemokine receptors on neighboring cells. This in-
teraction could be important in maintaining the balance
between mesangial cells and podocytes, especially under
stress conditions in controlling firm cell-matrix adhesion
and thereby preventing loss of anchorage-dependent cell
survival, which would result in anoikis (i.e., apoptosis
upon loss of cell-matrix interaction). Furthermore, the
maintenance of cell-cell contact and thus cell communi-
cation could contribute to local cell-cell and cell-matrix
homeostasis. The potential significance of such a local sys-
tem for diseases with podocyte-mesangial damage such as
diabetic nephropathy, minimal change glomerulonephri-
tis with mesangial accentuation, focal sclerosis etc. will
require further studies.
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